M OST MEDICAL SCHOOLS IN
the United States explicitly seek to engender diversity within their student bodies. 1 Academic leaders assert that diversity within their classrooms creates a robust learning environment, exposes students to a broad array of ideas, experiences, and perspectives, and thereby better prepares them to meet the needs of a multicultural American populace. 2, 3 Among the many student characteristics medical schools consider in promoting diversity, race is perhaps the most contentious. Raceconscious policies and programs have been used to achieve racial diversity, and particularly to increase the numbers of black, Latino, and Native American individuals who are underrepresented in the physician workforce. 4 In recent years, however, these policies have come under increasing scrutiny as being unnecessary and discriminatory. [5] [6] [7] In considering race and ethnicity, schools cite the educational benefits of student body diversity and emphasize that racial and ethnic diversity are particularly important. 8 Because of the rap- idly increasing racial and ethnic diversity of the US population, 9 and the commitment to eliminating welldocumented racial disparities in health care quality and outcomes, 10, 11 academic leaders advocate for a more "culturally competent" physician workforce and claim that racially and ethnically diverse student bodies are essential to that goal. 12 There has been little empirical study, however, addressing the hypothesis that racial and ethnic diversity in medical schools produces educational benefits.
We sought to assess whether student body diversity is associated with the educational benefits medical schools seek in promoting it. Specifically, we assessed whether the proportion of minority students within medical schools is associated with students' perceived preparedness to care for diverse patient populations, their attitudes about access to health care, and their plans to care for underserved populations. We also examined whether these outcomes were mediated by the perceived institutional climate for interracial interaction within medical schools, and by students' individual experiences of being influenced by individuals with different perspectives.
METHODS

Data Source
We analyzed data from the 2003 and 2004 Graduation Questionnaires (GQ), administered by the Association of American Medical Colleges (AAMC). The Web-based GQ is administered annually to all students graduating from allopathic medical schools in the United States and collects information on student characteristics, attitudes, practice plans, and evaluations of the medical school experience. Beginning in 2003, the AAMC added items addressing students' self-rated preparedness to care for patients from different racial and ethnic backgrounds, changes in attitudes resulting from exposure to diverse perspectives, and perceptions of positive interracial interaction within their medical schools.
Before 2004, GQ response rates were generally high (89% in 2003). In 2004, as a result of a complaint filed with the US Department of Health and Human Services, 13 the AAMC and its constituent medical schools relaxed efforts to promote GQ completion, 14 resulting in a decreased response rate (69% in 2004). In addition, the AAMC required explicit student consent to release GQ data; in 2004, this included 69% of respondents. After 2004, the AAMC redesigned the GQ, creating 2 separate components in an effort to respond to concerns about privacy while enhancing collection of basic, nonsensitive information. After this change, response rates decreased much further (33% in 2005), limiting our ability to use data from more recent years.
We excluded data from historically black and Puerto Rican medical schools because the meaning and measurement of diversity is fundamentally different at these schools, where minority groups comprise the majority of students.
Measures of Diversity
We categorized students into 3 mutually exclusive groups based on selfreported race/ethnicity: (1) underrepresented minority (URM), (2) other minorities not classified as underrepresented (nonwhite/non-URM), and (3) white. Underrepresented minority students were categorized by the AAMC as all students reporting their race/ ethnicity as black, American Indian, Alaska Native, Mexican American/ Chicano, mainland Puerto Rican, or Native Hawaiian. Nonwhite/non-URM students included minority students who are not considered to be underrepresented in the physician workforce. These were primarily Asians-Chinese, Korean, Japanese, Vietnamese, other Southeast Asian, Indian or Pakistani, Filipino, other Pacific Islander, or other Asian-as well as non-URM Hispanic/Latino (eg, Cuban) students.
Based on a framework used in higher education studies, [15] [16] [17] [18] [19] we measured 2 aspects of medical school diversity: compositional diversity and interactional diversity. Compositional diversity reflects numeric proportions of students from different racial and ethnic backgrounds, and interactional diversity captures the degree to which schools promote and students engage in positive interaction and perspective sharing across diverse backgrounds.
We used 2 separate measures of compositional diversity: (1) the proportion of URM students and (2) the proportion of all nonwhite (URM plus nonwhite/non-URM) students, among GQ respondents from each medical school. We also created 2 measures of interactional diversity, one at the school level and one at the student level. For the first, we measured the institutional climate for interracial interaction within medical schools, by averaging for each school its students' responses to 2 GQ items inquiring about positive interracial interaction and exposure to diverse perspectives (TABLE 1) . For the second measure, we used responses to a single item assessing students' individual experience of having their knowledge and opinions influenced by exposure to diverse perspectives (Table 1) .
Main Outcome Variables
We examined 3 main outcome variables based on theoretical considerations about the effects of student body diversity: (1) self-rated cultural competence, (2) attitudes about access to care, and (3) plan to serve the underserved (Table 1) . Self-rated cultural competence was based on students' level of agreement about their own preparedness to care for individuals from racial and ethnic backgrounds different from their own. Although the term cultural competence is used to address issues beyond racial and ethnic differences, improving care for racial and ethnic minorities has been the driving force behind the promotion of cultural competence and is central to most current definitions of this concept. 21, 22 Attitudes about access to care were calculated as the average score for 2 items addressing whether students per-ceived access to health care in the United States to be problematic and whether they endorsed access to adequate care as a right. Because of skewed distributions, we dichotomized both self-rated cultural competence and attitudes about access to care at their median values. Plan to serve the underserved was determined by a "yes" response to a question inquiring whether students intended to practice in an underserved area.
Other Student and School Characteristics
Students self-reported their sex and age, which we categorized as 26 years or younger, 27 to 29 years, or 30 years or older. We categorized school region (midwest, northeast, south, west) and ownership (public, private) according to AAMC classifications. We counted the number of respondents to the 2003 GQ for each school and considered this a proxy for class size (Ͻ100, 100-150, or Ͼ150 students).
To account for the possibility that observed associations of student body diversity might be attributable to students' attitudes, experiences, or practice plans before entering medical school rather than exposure to diversity during medical school, we counted the number of diversity-related activities students reported pursuing during medical school (Table 1) . We speculated that students with greater preexisting interest in diversity and in minority and underserved populations would be more likely to pursue such activities. To account for the possibility that schools that value a diverse student body might also promote diversityrelated outcomes (and that these school efforts, rather than diversity per se, might be responsible for any observed associations), we calculated school averages of diversity-related activities pursued by students.
Statistical Analysis
We generated descriptive statistics for student and school characteristics. To assess whether 2004 graduates consenting to have their data released differed from all 2004 respondents, we tabulated responses for students in our data set alongside aggregate data for all students responding to the 2004 GQ, as reported in the GQ All Schools Report. 20 Because aggregate data were only available for the full sample of respondents, including historically black and Puerto Rican schools, we included students from these schools in our comparison table (TABLE 2) .
We divided our measures of compositional diversity into quintiles of students. We chose this categorical rather than continuous variable configuration based on the theoretical consideration that diversity confers educational benefits not as a linear function but as a certain threshold (critical mass) of minority students is reached. Our preliminary analysis confirmed a nonlinear relationship with our outcomes. We explored quintile and decile configurations, which produced similar results, and we chose quintiles for simplicity.
We tested for differences in proportions of URM and nonwhite students, and for differences in institutional climate scores, by school characteristics, using analysis of variance tests. To test for unadjusted differences in our out- come variables across compositional diversity quintiles, we used nonparametric tests for trend.
To adjust for potential confounders and account for clustering of students within schools, we conducted multivariate regression analyses by using population-averaged, generalized estimating equation logit models, with exchangeable correlation matrices. The unit of analysis was the individual student. For school-level variables, all students within a given school were assigned the same value. Because compositional diversity, measured as proportions of minority students within a medical school, is likely to have different implications for white and nonwhite students, we conducted separate analyses for these 2 groups. We tested for associations between compositional diversity and each outcome variable, while controlling for student characteristics (age, sex, graduation year) and school characteristics (region, ownership, class size). For analyses of nonwhite students, we additionally adjusted for student race (URM vs nonwhite/non-URM). For the outcome of plan to serve the underserved, we included students' reported level of educational debt, hypothesizing that debt might influence students' practice plans. We examined compositional diversity quintiles first as categorical variables and secondarily as continuous variables to test for linear trends across quintiles. We also ran models for each outcome variable twice, first using percentage URM quintiles (% URM) and then percentage nonwhite quintiles (% nonwhite) as the principal independent variable. We then reran each model twice, separately adding the studentlevel and school-level measures of diversity-related activities, to address whether the addition of these variables changed our results.
For significant associations between compositional diversity and outcomes, we wanted to assess whether student body diversity operated as hypothesized (ie, through positive interracial interaction and sharing of different perspectives). We therefore repeated our multivariate models, adding the school-level measure of institutional climate and the student-level measure of individual experience with diverse perspectives, to determine whether positive interracial interaction and sharing of perspectives mediated associations of compositional diversity. We also tested for statistical interactions between compositional diversity and institutional climate using likelihood ratio tests to gauge whether compositional diversity had differential effects based on the level of perceived positive interracial interaction within a school. Where significant interactions were observed, we fitted lines with confidence intervals (CIs) predicting outcomes across compositional diversity quintiles, stratified by tertiles of institutional climate. We chose tertiles as the minimum number of categories that would allow assessment of a graded association (dose effect) of institutional climate.
To account for the possibility of selection bias resulting from lower response and participation rates in 2004, we conducted sensitivity analyses restricting the sample to 2003 GQ data. These results did not differ substantively from analyses using both years; therefore, we present only findings for the entire sample.
All data were anonymous. The study received a certificate of exemption from the institutional review board of the David Geffen School of Medicine at University of California, Los Angeles . Schools differed in their racial composition across regions; western and northeastern schools had more nonwhite students than schools in the south and midwest. The proportion of URM students varied from 0% to 24%, and the proportion of all nonwhite students varied from 4% to 78%. Schools with the highest proportions of nonwhite students and those in the west region tended to have slightly higher mean institutional climate scores (TABLE 3) .
A majority of students strongly agreed that they were prepared to care for patients from racial and ethnic backgrounds other than their own (Table 2) . Fewer than half strongly endorsed the notions that adequate health care is a universal right and that lack of access is a problem in the United States. Less than 25% planned to practice in an underserved area.
In unadjusted analyses, white students at more diverse schools (indicated by higher proportions of either URM or nonwhite students) rated themselves as better prepared to care for diverse populations and had more equity-oriented attitudes about access to care (FIGURE 1) . There was no association among white students between % URM and intent to serve the underserved. However, white students in schools with higher proportions of nonwhite students overall were less likely to express this intent. Among nonwhite students, higher proportions of URM students were positively associated with all 3 outcomes, although higher proportions of nonwhite students overall were not associated with any outcomes.
After adjusting for student and school characteristics, white students in the 2 highest quintiles for student body compositional diversity had 27% to 43% greater odds of high self-rated cultural competence compared with students at schools in the lowest diversity quintiles (TABLE 4) . White students in the highest diversity quintiles also had 42% to 51% higher odds of having strong attitudes endorsing equitable access to care compared with those in the lowest quintiles. Student body URM proportions were not associated with white students' plans to serve the underserved, but white students in schools with more nonwhite students were less likely to plan to serve the underserved. Among nonwhite students, there was a significant trend indicating greater self-rated cultural competence in schools with more nonwhite students, but no other significant associations were found (TABLE 5). Add- 
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©2008 American Medical Association. All rights reserved. ing student-level and school-level measures of diversity-related activities did not substantively change any of our findings. Outcomes varied by school region, ownership, and class size, more notably for white than for nonwhite students (Table 4 and Table 5 ). Among white students, older students tended to have higher rates of all 3 outcomes than students who were 26 years or younger. White and nonwhite women had stronger attitudes than their male counterparts endorsing equitable access to care and were more likely to state an intent to serve the underserved. Among nonwhite students, URM students had higher rates than non-URM students on all outcomes. Underrepresented minority students were substantially more likely than both white and nonwhite/non-URM students to plan to serve the underserved (48.7% vs 18.8% vs 16.2%, respectively; P Ͻ .001; adjusted odds ratio for URM vs non-URM, 3.95; 95% CI, 3.56-4.39).
We tested whether the significant associations of compositional diversity with diversity-related outcomes among white students were mediated by interactional diversity by adding mean institutional climate and individual experience scores to our models. Higher ratings of institutional climate were positively associated with diversityrelated outcomes (TABLE 6). Students' individual experiences of being affected by diverse perspectives were also associated with greater self-rated cultural competence and stronger attitudes about equitable access to care. After adjusting for these measures of interactional diversity, the associations of compositional diversity with self-rated cultural competence and attitudes about access diminished and in many cases were no longer statistically significant. By contrast, interactional diversity did not substantively affect plans to serve the underserved.
We found a significant interaction between school institutional climate and % URM in models predicting white students' self-rated cultural competence (P=.006). FIGURE 2 demonstrates that where institutional climate was lowest, white students' self-rated cultural competence was lowest and did not vary much with the proportion of URM students. The presence of higher propor- Plan to Serve the Underserved P < .001 P < .001 P < .001 P < .001 P = .25 P < .001 P = .59 P = .65 P < .001 P = .02
URM indicates underrepresented minority. Outcomes represent percentage strongly agreeing for self-rated cultural competence, values above median score of 4 (range, 1-5) for attitudes about access to care, and a "yes" response for plan to serve the underserved. tions of URM students was associated with higher self-rated cultural competence among white students when the institutional climate was perceived to be more positive. There were no significant interactions between compositional diversity and institutional climate for nonwhite students.
COMMENT
In a cohort of more than 20 000 graduating medical students, white students attending more racially diverse medical schools rated themselves as better prepared than students at less diverse schools to care for racial and ethnic minority patients and had stronger attitudes about inadequate access to health care. These associations became apparent as the proportion of minority students increased above the 60th percentile (10% for URM proportion, 36% for all nonwhite students), suggesting the presence of a threshold effect. The associations of student body diversity appeared to be mediated by more positive interaction and perspective sharing among individuals from different backgrounds within medical schools. The association of student body diversity with white students' selfrated cultural competence was only observed when students perceived a more positive climate for interracial interaction and exchange of diverse perspectives.
Proportion of URM students was not associated with white students' plans to practice in an underserved area. Moreover, white students at schools with high proportions of nonwhite students overall were less likely to plan to serve the underserved. This may reflect confounding by the urban vs rural location of schools. Rural schools are likely to have both fewer nonwhite students and more students who plan to practice in rural, underserved locations. 23 Although we controlled for geographic region in our analyses, we were not able to differentiate rural from urban schools, as schools were deidentified in the GQ data set.
Nonwhite students at high-URM schools compared with low-URM schools had higher rates of diversityrelated outcomes in unadjusted analyses. After adjustment, however, these findings were no longer significant. This was not likely due to the smaller sample size for nonwhite students (with a 2-sided ␣ = .05, there was 94%-99% power in the nonwhite student sample Abbreviations: NA, not applicable; URM, underrepresented minority. a Outcomes represent percentage strongly agreeing for self-rated cultural competence, values above median score of 4 (range, 1-5) for attitudes about access to care, and a "yes" response for plan to serve the underserved. Results are odds ratios (95% confidence intervals) from logistic regression analyses. Results for % URM and % nonwhite represent results of separate regression analyses.
to detect associations equivalent to those observed in the white student sample). The loss of significance after adjustment in the nonwhite sample appeared to be due largely to higher outcome rates among URM students themselves rather than among other nonwhite students in high-URM schools. In particular, URM students were much more likely than non-URM students to plan to serve underserved populations. Numerous studies have demonstrated that URM medical students are more likely than others-including students from other racial and ethnic groups and those from low socioeconomic backgrounds-to go on to serve underserved communities. 24 Our findings build on studies of undergraduate institutions suggesting that greater racial diversity on college campuses is associated with a variety of educational benefits, including enhanced critical thinking ability, openness to diversity and challenge, racial and cultural awareness, and satisfaction with the college experience. [16] [17] [18] These studies have found that compositional diversity, interactional diversity, and diversity-related initiatives on campuses (workshops, classes, events) work interactively to improve educational outcomes. 15, 18 Prior studies of diversity in medical education have been more limited in scope but have also suggested that student body diversity may confer educational benefits. Surveys have documented that most medical students, particularly those in racially diverse schools, consider diversity to be an important facet of their education. [25] [26] [27] In a recent study of 3 medical schools, 19 students' attitudes about culture and health and their perspectives about diversity-related issues were influenced by their interactions and experiences during medical school. In another study, 28 students at the UCLA/Drew Medical Education Program-a program with substantial racial diversity and a strong service mission-were more likely than their colleagues at UCLA's main campus to go on to care for underserved populations. Our study expands these findings by demonstrat- ing an independent association between student body racial and ethnic composition and diversity-related outcomes across all nonminority US medical schools. Our study had several limitations. The design was cross-sectional and as such, it is impossible to infer causality. We did not have measures of students' attitudes, experiences, or practice plans before entering medical school. It is possible that students more interested in diverse and underserved populations chose schools with greater student body diversity and that these preexisting attitudes rather than the medical school experience accounted for the observed outcomes. It is also possible that schools that recruit a diverse student body are committed to improving diversity-related outcomes and that this type of school commitment rather than diversity per se accounted for our findings. We hypothesized that students with these preexisting attitudes, and those at schools with a greater commitment to diversity, would be more likely to pursue diversity-related activities during medical school. We found that student body diversity was positively associated with outcomes even after accounting for diversity-related activities. The fact that the associations of student body diversity with our outcomes were mediated by the climate for positive interracial interaction and the influence of diverse perspectives that students perceived in medical school also supports the notion that exposures during rather than before medical school were responsible for our findings.
Although we found statistically significant results, our sample was large, and the relative importance of these findings is unclear. Student body diversity is an ecological or environmental exposure rather than an individual-level exposure. As with other environmental factors, its importance may be related more to the breadth of the exposure-the size of the population affected-than to the effect size at the individual level. The effect sizes we observed were similar to those found in studies of other environmental exposures. [29] [30] [31] If we assumed that the approximately 7% difference in self-rated cultural competence across URM quintiles (Figure 1 ) was attributable to differences in student body diversity, then increasing the proportion of URM students in the schools of the lower 3 quintiles of students to match those of the upper 2 quintiles would result in approximately 400 additional white students every year considering themselves to be highly prepared to care for racial minority populations. This is particularly significant in light of recent data demonstrating that a large proportion of resident physicians in the United States receive limited instruction in and think they are unprepared to provide cross-cultural care. 32 Our main outcome measures were based on self-report data. It is unclear how well students' self-rated cultural competence correlates with their actual ability to provide effective care for diverse patient populations. Prior study has established, however, that physicians' self-rated cultural competence is associated with better outcomes among minority patients, 33 even when it is measured using a single question. 34 We were unable to measure the diversity of the patient populations to whom students were exposed. Patient population diversity may have confounded our results if patients cared for at medical schools with more diverse student bodies were also more diverse, and if exposure to more diverse patient populations was associated with diversity-related outcomes. 19 This represents an important area for future research.
Acknowledging these limitations, we believe our findings have potential policy implications. The consideration of student race in university recruitment programs and admissions has been a source of controversy for decades, and medical schools have been at the heart of that controversy. In 1977, a medical school applicant sued the University of California, Davis School of Medicine, claiming that the school's admission policy giving special consideration to minority students constituted "reverse discrimination." 35 In that landmark case, a divided US Supreme Court struck down the university's policy of reserving spots for minority students but upheld the school's right to consider race in admissions, based on the notion that a diverse student body enhanced the educational environment. Twenty-five years later, in 2 cases brought against the University of Michigan, the Supreme Court further constrained the use of race in admissions by disallowing the assignment of points for race in scoring applicants. But again, by a narrow margin, the Supreme Court affirmed the educational benefits of diversity and allowed for race to be considered as one factor in a holistic review of individual applicants. 5, 6 Our study lends empirical support for the Supreme Court's rationale (ie, that student body racial diversity is associated with measurable, positive, student outcomes). It also indicates that a diverse student body is likely to be necessary but not sufficient. Medical schools may need to actively foster positive interaction among individuals from different backgrounds to derive the benefits of diversity. Additionally, our analysis supports the concept of "critical mass," 5 whereby a certain proportion of minority students is considered necessary to realize the benefits of diversity. These results can guide medical schools in shaping policies for recruiting, admitting, and retaining URM students as one component of achieving diversity to help them fulfill their educational missions. 1 
